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“Standard model of Heavy lon Collisions”
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Color Glass Initial Glasma SQGP )
Condensates Singularity perfect fluid
A
T b4
Hard Processes (pQCD) FE/coal. Hadron
CGC Transport
JIMWLK/BK Y Hydro (EoS)

Our understanding of some fundamental properties of
the Glasma, sQGP and Hadron Gas depend strongly on
our knowledge of the initial state!
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3 conundrums of the
initial state:

|.What is the spatial transverse distributions of gluons?
2. How much does the spatial distribution fluctuate!?
Lumpiness, hot-spots etc.
3. How saturated is the initial state of the nucleus!?
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3 conundrums of the
initial state:

|.What is the spatial transverse distributions of gluons!?
2. How much does the spatial distribution fluctuate!?

Lumpiness, hot-spots etc.
3.
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Different initial distributions gives different flows!
<y2 B x2> The question is what is €?
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Is the sQGP a perfect fluid?

AdS/CFT predicts for a perfect fluid:
n/s = I/(411) ~ 0.08

Different initial geometries of nuclei gives different n/s of
the strongly coupled Quark-Gluon Plasma

How “perfect” is the fluid?

| Glauber
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Is the sQGP a perfect fluid?

|IP-Glasma AdS/CFT predicts for a perfect fluid:
A n/s = I/(41T) ~ 0.08
‘o yifm] 0.5 Schenkel,TribeclIy,VenugopaIanIarXiv: I1202.6646
o IP-Glasma 1/5=0.08, b=9fm
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3 conundrums of the
initial state:

|.What is the spatial transverse distributions
of nucleons and gluons!?
2. How much does the spatial distribution fluctuate?
Lumpiness, hot-spots etc.
3. How saturated is the initial state of the nucleus!?
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| question, 2 answers

Initial and final state

Initial state saturation model multiple scattering
Away side parton randomized Albacete, Marquet % 0.03 5 o central
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How saturated is the initial state?
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http://arxiv.org/abs/1112.6021v1
http://arxiv.org/abs/1112.6021v1

What can eRHIC do!?




bIA

DIS ep and eA
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DIS ep and eA

Activity in proton direction
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Diffraction ep and eA

e
e
Hadrons
Y\ Q° Mx
Rapidity gap
P’/A’
" e RHIC e+A:
Proton collides with electron at eRAT emA:
CMS energy ~300m,. lon predicted to stay

intact in 25%-40% of
events w. saturation!

In ~15% of measured collisions
proton stays intact! ©
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Diffraction ep and eA

. 24.2 GeV — sira THETA PHI
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Diffraction ep and eA

e
e
Hadrons
N\ Mx

Rapidity gap

S /
t=(p-p)*  pPIN

bIA

Depend on t, momentum transfer to proton/ion.

Fourier transforﬂﬁ of t-distribution

transverse sp;:ial distribution
Spatial imaging!
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Why is diffraction so great! Pt. |

Sensitive to spatial gluon A projectile scattering off a

distributions nucleus of radius R
-not a ‘black disk’, edge effects
Light scattering off a circular  _target may break up
screen of radius R
1
U2
i IWIWIIIIIII“HIH\NI _ i /\ /\
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Why is diffraction so great! Pt. 2

Diffraction sensitive to gluon momentum distributions?:

11—z
(1—2)?‘
fy* r - F V:J/¢7¢7p

o o g(x,Q2)? m 5

]
'~ HERA Q?=10GeV? |» —=—=_ D>
[ —— HERAPDF1.7 (prel.)
0.8 N e HERAPDF1.6 (prel.)
B experimental uncertainty
p [ ] model uncertainty XU,
g 0.6 [] parametrization uncertainty HOW does the gl uon
x'\ B [ ] ([ ] [ ]
g 1 distribution saturate at
small x?
0.2
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Diffraction at eRHIC

Difference in between ep & eA:
The nucleus can break up
into colour neutral fragments!

Incoherent/Breakup

do/dt

When the nucleus breaks up, the
scattering is called incoherent

Coherent/Elastic

When the nucleus stays intact, the
scattering is called coherent

Total cross-section = incoherent + coherent

|18
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Incoherent Scattering !

Good, Walker:

do/dt

Nucleus dissociates (f # i):

Oincoherent X Z ‘A‘f f‘A‘ >
f#i ,_Jg/

—Z AL LAl — GLAL T @A e

complete set

<\|A| i) — [(i] Ali)|" = (|A]*)

— [(A)
The mcoWe of th 7/amplltude”

dgtotal B < > Ucoherent L
it 16r VA T
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How to measure t=(Pa-Px’)?

Need to measure Pa’
Coherent case: A’ disappears down beampipe
Incoherent case: Cannot measure all beam remnants

Only possibility: Exclusive diffraction
etA — e+VM+A’
t=(PVM+Pe"Pe)2

| p. 6, J /1, DVCS

Thursday, October 11, 2012



What has been measured!?

Hahn, Ravenhall, and Hofstadter,
Phys Rev 101 (1956)
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What is being measured?

Thursday, October 11, 2012

Slide from J.H. Lee

Coherent Diffraction (Y*+IP ) Analysis: R Debbe
in UPC at RHIC

e STAR Preliminary

— Sartre (coherent)

P ol

01
-t [(GeV/c)’]

® Coherent
diffractive p
production in Au
+Au at +/snn=200
GeV

® Data: STAR/RHIC
Ultra-peripheral
AuAu Collision

® Simulation: Sartre




eRHIC predictions:
Exclusive diffraction Sartre
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eRHIC predictions:

Exclusive diffraction Sartre
- E = %: Dipole model with Glauber

V= J/.6,0 bSat and bNonSat
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bSat vs.
bNonSat
at HERA

@ — Mesons
No distinguishing
power!

eRHIC can probe the
difference!
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eRHIC predictions:
Inclusive diffraction

Stage I Q2 =10 GeV?

B X =6.6x103 |
n stage-| N
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—— ep - Saturation Model
----- eAu - Non-Saturation Model (LTS)
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Can constrain models a lot with a few months of running!
Already in Stage |!
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Probing the spatial gluon
distribution at eRHIC

Amplitude is a Fourier transform from position to momentum space:

<AT,L(Q2,A,ZC]P)>Q = /Wfrdrdzbdb(\lf}'}\lf)T’L (Q%,r, 2)

To([1 = 2]rA)Jo(bA) < o >Q (zp, 7, b)

Cross-section:

do 1

T = Tor |ATL(@ Aszp))q

‘2
Fourier transform again to retain spatial distribution:

1 > dO_CO cren
F(b) = o /O dAAJO(Ab)\/ (;t L(A)

mod
27
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Probing the spatial gluon
distribution at eRHIC

Amplitude is a Fourier transform from position to momentum space:

Te———

2 2 N
<AT,L(Q WAY a:]p)>Q — Wrdrdzbd \IJV\I!) 7.1 (@71 2)
da
/ qq \
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| \\ 2f
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Probing the spatial gluon
distribution at eRHIC

1 o
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Probing the spatial gluon
distribution at eRHIC

F(b) =

1
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Probing the spatial gluon
distribution at eRHIC

1 O
F(b) = - /O dAAJO(Ab)\/ d"“gltefem (A)
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Summary

Diffraction in eA is a great tool for measuring:
|. a signal for gluon saturation
2. gluon spatial distribution in nuclei

saturation signal, day | meaurement via
diffractive/total ratio

gluon spatial distributions in nuclei available in a model
independent way via exclusive heavy vector mesons, s.a. /(P

eRHIC truly an ultra high resolution femtoscope for
probing the initial state of nuclei
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